INTRODUCTION {#sec1-1}
============

Based on medical experiences, the dependency to opium is a chronic problem in human societies. Agonists\' maintenance therapy is one of the current treatments for addiction to opioids, and it is considered the first-line treatment of chronic opiate dependency. One of these opiate agonists for addiction treatment is methadone. Despite its efficacy, there are no comprehensive care facilities for the people who are still under treatment.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6]\]

Methadone\'s metabolism in human has been previously indicated for its lethal poisoning. In recent years, due to the use of methadone in the methadone maintenance treatment (MMT) programs for addiction treatment, many cases with methadone poisoning are reported in our referral poisoning emergency department.\[[@ref2]\] Methadone poisoning is normally caused by intentional or unintentional type of exposure because of lack of adequate knowledge and accurate monitoring; the analgesic effect of the drug is short whereas it has a long elimination half-life when used more than the recommended dosage. In addition, due to the easy availability of methadone for family members of addicts, it can be used for suicidal attempt or even unintentional ingestion by children.

In a cross-sectional study in our local forensic department, the number of addicts treated by methadone (MMT) dramatically increased from 2006 to 2014; and among all deaths caused by drugs, 24.4% of the decedents had methadone toxicity.\[[@ref2]\] Furthermore, the epidemiology of deaths from opioid toxicity in a poisoning referral center showed that the majority of deaths have been observed most in patients with methadone poisoning.\[[@ref3]\] Pulmonary edema is a mortal complication for acute methadone overdose which causes mortality in many patients. Considering the fact that methadone toxicity is common in our society, we evaluated the prevalence of pulmonary edema in the deceased cases with methadone poisoning and considered its possible relationship with different variables.

METHODS {#sec1-2}
=======

In this cross-sectional study which was done in 2014, we have investigated the deceased patients with methadone toxicity who underwent autopsy at Isfahan forensic medicine department. The study protocol was approved by the vice-chancellery of Research and Technology, Isfahan University of Medical Sciences, Isfahan, Iran (Research Project Number 390600). Isfahan is the second largest city of Iran with an estimated population of 3.5 million inhabitants with about 100,000 drug addicts. The autopsy was completed by a full macroscopic and microscopic examination of all organs. In addition, biochemical indices of blood, urine, bile, and viscera at the time death (if available) were fully studied.

All variables including age, gender, and autopsy findings were recorded and analyzed. Demographic characteristics and medical complications of the patients were compared between the patients with or without pulmonary edema in the autopsy findings. Data were analyzed using SPSS software, version 18 (SPSS Inc., Chicago, IL, USA). Chi-square or Fisher\'s exact tests and independent *t*-test were used for analysis where applicable. To predict the possible associated factors (e.g., age, sex, history of addiction, heart failure) predicting the pulmonary edema, the binary logistic regression analysis was used. *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

The data from 64 deceased methadone poisoning cases were recorded and analyzed during the 1-year study period. The mean (±standard deviation) age of these patients was 29.10 ± 1.32 years (range: 15--62). Forty-one (64.10%) cases were diagnosed with pulmonary edema. Pulmonary edema was observed more in single people than married ones \[P = 0.025, [Table 1](#T1){ref-type="table"}\].

###### 

Demographic characteristics of the studied patients (*n*=64)
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Based on the results of the autopsy findings, liver complications have been observed in 39 patients (60.9%) and cardiac complications in four patients (6.3%). The frequency of all complications has been shown in [Table 2](#T2){ref-type="table"}. The liver and heart complications were not statistically significant between patients with and without pulmonary edema (*P* \> 0.05).

###### 

The frequency of liver, cardiac and pulmonary complications of deceased cases with methadone poisoning
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The mean (±standard error \[SE\]) time between methadone ingestion and in-hospital admission was 17.3 ± 2.68 h with the range of 3--110 h. The average time (±SE) in cases with and without pulmonary edema was 18.1 ± 2.82 and 15.8 ± 3.29 h, respectively (*P* = 0.4). None of the variables (age, addiction history, gender, and complications) had predicting effect value on pulmonary edema in binary logistic regression analysis.

DISCUSSION {#sec1-4}
==========

The main objective of this study was to determine the prevalence of pulmonary edema in deceased cases of methadone poisoning. Nearly 64.1% of the studied cases had pulmonary edema. A previous study has shown that methadone toxicity causes many problems including respiratory depression, aspiration pneumonia, pulmonary edema, and cardiac problems.\[[@ref6]\] However, the exact pathophysiology of pulmonary edema is not known yet, the observations suggest that the primary defect in the alveolar vascular causes leakage of vessel and reduction of the total albumin.\[[@ref7][@ref8]\]

Among the demographic and clinical variables, pulmonary edema was observed more in patients older than 30 years and married ones. It may be explained that married patients are usually elder than single ones. In the study by Peles *et al*. on patients under the MMT, younger age, a partner, negative serology for hepatitis B, and nonbenzodiazepine abuse were the important factors affecting survival in the patients.\[[@ref4]\]

Based on our results, among the three major complications of methadone toxicity, pulmonary edema had the highest prevalence. This result is consistent with the findings of the other studies. In a study by Caplehorn and Drummer and Ridgway and Pountney, the most common signs of methadone toxicity were loss of consciousness and brown liquid discharge from mouth and nose due to pulmonary edema.\[[@ref8]\] It shows the necessity of medical attention to this issue with prompt treatments for the patients with pulmonary edema due to methadone toxicity.\[[@ref9][@ref10]\]

The mean duration time from methadone ingestion to hospital admission was lower in patients with pulmonary edema, but there was no significant difference between the two groups. Other factors such as dosage and the accurate estimation of time of methadone consumption have influence on patient\'s mortality time.\[[@ref11][@ref12][@ref13]\] The findings of this study and the comparison with a previous study show that a significant percentage of patients who died due to overdose of methadone were affected by pulmonary edema.\[[@ref2]\]

This study showed that 60.9% of the deceased patients had hepatic complications in autopsy findings. It was not clear whether the liver failure has been caused by chronic methadone toxicity or other substances such as heroin or stimulants. Cardiac toxicity in patients under MMT program has been described previously as QT interval prolongation.\[[@ref14]\] However, four cases in our study had cardiac toxicity in their autopsy findings.

We found that pulmonary edema is common in deceased cases due to acute methadone toxicity. We suggest prompt diagnostic tests and early intervention of pulmonary edema with intubation and mechanical ventilation for patients with methadone toxicity and clinical manifestations including tachycardia, tachypnea, and low arterial oxygen saturation. We also found liver and cardiac complications in some deceased cases which may suggest considering liver function tests as well as electrocardiography in methadone poisoning cases.
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